Introduction
Gliomatosis cerebri (GC) is a rare primary diffuse brain tumor first described by Nevin (1) in 1938. According to the World Health Organization classification, GC is recognized as a specific entity among neuroepithelial tumors of uncertain origin (2) . The definition of GC as a separate entity is questionable, however, and certain authors consider GC to be one end of the spectrum of diffusely infiltrating astrocytomas (3). Kattar et al (4) performed a clonal analysis of gliomas and concluded that GC begins as an oligoclonal process or may result from collision gliomas, in contrast to the monoclonality usually observed in low grade and malignant gliomas. GC usually involves at least two lobes of the brain and histologic evaluation reveals a diffuse infiltrative low-grade astrocytoma. The presenting symptoms of GC in the literature are nonspecific. Magnetic resonance imaging (MRI) studies indicate a diffuse infiltrative process, particularly on T2 images, and the diagnosis is made by a stereotactic or open biopsy. There is currently no effective treatment for GC. Surgical treatment of GC is limited due to the extensive diffuse infiltrative process; therefore, treatment generally comprises anticonvulsants and steroids. The literature contains several anecdotal reports of radiation therapy (5) (6) (7) (8) (9) (10) (11) . Despite treatment, the prognosis is poor. Ross et al (11) reviewed several series with median survival ranging between 6 and 39 months, but certain patients with GC have survived for a longer period of time (6) .
Patients and methods
Patients. Between 1995 and 2009, 25 patients with GC (19 males, 6 females; mean age 51 years, range 10-73 years) were diagnosed and treated at the Sheba Medical Center, Israel. A total of 3 patients were 10 years old at the time of diagnosis. A retrospective analysis was performed. Patient characteristics and follow-up data were obtained from clinical charts. Histologic specimens and MRI studies were reviewed and the diagnosis was based on characteristic histologic and radiologic findings.
Methods. MRI of the brain was performed for all patients. The radiologic criteria were diffuse infiltrative tumor with involvement of at least two lobes (with or without corpus callosum infiltration). Diagnosis was confirmed by stereotactic or open biopsy except in the case of 1 patient with rapid deterioration, who was diagnosed in a postmortem study. The patients (with the exception of the one who exhibited rapid deterioration) were treated with whole brain radiation therapy (WBRT). A total of 7 patients were treated with combined WBRT and chemotherapy. Outcome was determined by post-irradiation MRI, neurologic status, performance status and survival. headaches in 5 patients, cognitive changes in 7 patients, and rapidly progressive hemiparesis in 1 patient. MRI revealed a diffuse infiltrative process observed as a high-intensity signal on T2-weighted images with minimal mass effect. The infiltrative process involved at least two lobes.
A total of 9 patients exhibited involvement of the corpus callosum. In the majority of the patients (19 of 25), the gliomatosis infiltrated the right hemisphere. A total of 9 patients had bihemispheric involvement. Some level of enhancement on MRI was observed in 6 patients.
Biopsy outcomes. The diagnosis was confirmed histologically by a stereotactic biopsy in the majority of patients and by open biopsy in a small number of patients. Markedly rapid deterioration was observed in one patient for whom diagnosis was established at autopsy. The patients were treated with WBRT, 1 patient was treated with pre-irradiation chemotherapy, and 6 patients were treated with combined therapy. Survival time from diagnosis for the patients (n=25) was between 11 days and 42 months (median survival 16.7 months).
Patient survival. The 17 patients who were treated with WBRT alone had a median survival of 13.7 months (range 1-35). The 7 patients who were treated with combined whole brain radiation therapy and chemotherapy had a median survival of 26.14 months (range 6-42). Treatment appeared to stabilize 6 patients. The 3 10-year-old patients were treated with WBRT, which resulted in temporary clinical stabilization, succumbed to the disease approximately 1 year after the diagnosis was established. A total of 9 adults rapidly deteriorated after completing treatment and survived less than one year from the time of diagnosis. One patient was not treated at all. Treatment appeared to improve the clinical condition in 9 patients with a survival range of 20-42 months (Table I) .
Discussion
We present the patient characteristics, presenting symptoms, radiologic patterns, and outcome following treatment in 25 patients with GC. In a retrospective review of the literature (160 cases in 85 reports), Jennings et al (12) reported that the peak incidence of GC is between 40 and 50 years of age and that GC is extremely rare in the senior population, consistent with our series (mean age of 51 years). Jennings et al (12) reported an age range between the neonatal period and 83 years of age. The oldest patient in our cohort was 73 years of age. In contrast to published data indicating that older age is a poor prognostic factor for glioblastoma and that low-grade astrocytoma and juvenile pilocytic astrocytoma in the juvenile population have a favorable prognosis, the 3 children in our series and the neonate reported by Jennings et al (12) had a median survival of only approximately 1 year after diagnosis and the disease course of the 73-year-old patient was stabilized following WBRT. The difference in outcome may support the hypothesis that GC is a separate entity from diffuse infiltrative astrocytoma. Our series demonstrated a male:female ratio of 19:6, and in contrast to other studies, showed that both males and females are equally affected (5, 12) . In our series, the majority of patients presented with seizures or focal neurologic signs. Only a small proportion of our patients presented with headaches. Jennings et al (12) reported 3 pediatric cases with intractable epilepsy as the presenting symptom of GC. In that study, 160 cases were retrospectively reviewed and an attempt to determine the natural history of GC was performed. The common neurologic symptoms and signs included corticospinal tract deficits (58%), cognitive changes (44%), headache (39%), seizures (38%), cranioneuropathies (37%), increased intracranial pressure (ICP) (34%), and spinocerebellar deficits (33%). Our series is consistent with other reports documenting seizures as the main presenting symptom (13) (14) (15) . However, other studies have indicated that headaches and elevated ICP are more common presenting symptoms (11, (16) (17) (18) . CruzVelarde et al (19) reported a patient with GC who presented with headaches and bilateral sixth cranial nerve palsy with elevated ICP confirmed by invasive ventricular monitoring.
Due to the infiltrative nature of the tumor and the lack of a significant mass effect, it is reasonable to expect seizures to be the main presenting symptom rather than signs of elevated ICP, as shown in our series. Two types of GC have been distinguished (20) . Type 1 is a classical discrete lesion in which there is diffuse neoplastic growth and enlargement of the involved existing structures without a solid tumor component. Type 2 GC, by contrast, is characterized by a clear neoplastic mass in addition to a diffuse lesion. The majority of the patients in our series had a Type 1 GC diffuse lesion without evidence of enhancement or a circumscribed tumor mass. Behavioral, personality and cognitive changes, reported by other authors (10, 20, 21) , were not common in our patients (4/22) or in other reported series (15) . In our patients, the cognitive and personality changes may be associated with the bifrontal location of the GC.
In our series, the tumor involved at least two lobes of the brain with a hyperintensity signal in T2-weighted images in all patients and involvement of the corpus callosum in certain patients. This is consistent with previous publications (9, 11, 15, 22, 23) . High signal intensity in the white matter on T2-weighted images reflects spreading of the infiltrative tumor or secondary destruction of the myelin fibers (17) . The relative preservation of the blood-brain behavior is the most likely reason for nonenhancement on post-contrast T1-weighted images (7, 24, 25) . Shin et al (26) compared MRI to computed tomography scans in 9 patients with GC and revealed that the extent of the disease was evaluated significantly more favorably on T2-weighted MR images than on T1-weighted MR images and computed tomography scans. It is now common practice to use MRI in the initial evaluation of GC. Our data and data published by other authors (5,9,15) support this approach. Bendszus et al (27) evaluated 8 patients with GC who underwent MRI and MR spectroscopy and revealed that biopsy specimens from regions with maximally elevated ratio levels of choline/N-acetylaspartate showed dense infiltration of tumor cells. Their conclusion was that MR spectroscopy may be used to classify GC as a stable or progressive disease and thus has potential therapeutic value. Shintani et al (28) presented a case report of positron emission tomography (PET) changes in a patient with GC treated with radiation.
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C-Methionine PET images showed hypermetabolism, whereas 15 O-water PET images showed a marked increase in cerebral blood flow in GC lesions. However, the PET images revealed marked improvement 6 months subsequent to radiotherapy. Kaloshi et al (29) showed that a gray matter index has prognostic value in patients with GC treated with upfront chemotherapy (PCV, temozolomide). Ellingson et al (30) created functional diffusion maps (fDMs) to examine changes in the apparent diffusion coefficient calculated from serial diffusion-weighted images of abnormal FLAIR signal intensity in a patients diagnosed with GC. These authors demonstrated that the absolute volume of hypercellularity extracted from fDMs was useful for tracking tumor growth, which correlated in time with a progressive decline in neurologic status despite the lack of changes in traditional MR images.
Due to the diffuse infiltrative pattern of the disease, the limitation of surgical resection is clear and radiation and chemotherapy are the only potential therapies. The literature contains a number of anecdotal reports of radiation therapy as treatment. Artigas et al (6) The clinical and radiological findings improved in 3 patients, stabilized in 3 patients, and deteriorated in 2 patients. Median survival was 11.4 months and the authors concluded that radiation alone was not sufficient and therefore more aggressive therapy may be needed.
A review of the literature of recent years reveals efforts to combine chemotherapy and radiation therapy (33, 34) or to use chemotherapy alone (35) . Vates et al (34) treated only 3 patients with radiation and there was no significant difference in outcome compared to 13 patients who underwent radiation therapy alone.
Seiz et al (36) reported a small number of patients with overexpression of factors such as vascular endothelial growth factor or cyclooxygenase-2. The patients were treated with temozolomide and celecoxib as antiangiogenic treatment following external radiotherapy and there was no disease progression for at least 6 months based on a follow-up MRI.
The authors concluded that low-dose chemotherapy may provide a promising approach for treating these patients.
Sanson et al (35) analyzed 296 individual cases (90 patients followed through the ANOCEF network, and 206 cases from the literature) and concluded that despite a high rate of stabilization, the survival impact of WBRT, which carries the risk of severe toxicity, remains unclear. The up-front chemotherapy benefit to certain patients may be preferred to WBRT. Due to the many biases of such retrospective heterogeneous data, multicenter clinical trials of this rare disease should be conducted.
Ware et al (33) performed comparative genomic hybridization in 22 patients with GC. Loss of chromosomes 13q and 10q and gains of 7q were independent significant predictors of poor survival (P= 0.0032, 0.0335, and 0.0487, respectively). Contrast enhancement was the most significant predictor of poor survival (P=0.0026). These authors concluded that the presence of these aberrations and of any contrast enhancement on MRI scans are possible stratifiers for patients with GC. Stratification of GC into higher-and lower-grade forms may be beneficial for tailoring treatments to patients with this disease.
D'Urso et al (37) investigated gene expression profiling in 59 patients with GC and identified a 23-gene signature that was capable of predicting patient prognosis. D'Urso et al (38) presented a case report with overexpression of vascular cell adhesion molecule 1 and vascular endothelial growth factor, indicating that a high degree of neovascularization was associated with a poor prognosis.
In the present study, we presented 25 patients with GC, which is a relatively large series and compared them to previously published data. In our series following WBRT (50 Gy) the median survival was 14.8 months. The median survival of patients treated with combined treatment was 22.6 months (5 patients). Due to the small number of patients, the present statistical analysis is of limited value, but based on our experience and a review of the literature, WBRT may stabilize the clinical condition and reverse neurologic signs in some patients with GC.
